Abstract. Zhundong coal has the advantages of low ignition temperature and high burning rate etc,but the high content of alkali metal in coal leads to slagging and fouling problems in the combustion process. In order to improve the coal's slagging and fouling problems and the combustion efficiency of oil shale semi coke, XRF was used to determine the ash content of the sample to show high sodium content in coal has reached 6.41% and high silicon, aluminum content in the oil shale semi coke and alkali metal content decreased obviously after mixing. By calculating the index of slagging and contamination showed that blending oil shale semi-coke makes slagging, contamination index of Zhundong coal decrease for higher, moderate and slight degree by severity, and semi-coke mixing proportion reached more than 30%, oil shale semi-coke greatly improve the coal contamination problem.
Introduction
Coal Resources Reserves in Zhundong Mining Area is predicted to 3.9×10 11 t. It is good for power coal and has low ignition point, high burning rate as advantages. Zhundong coal has a relatively high content of alkali metal. During combustion, coal will volatilize a large amount of alkali metal vapor. These alkali vapors will condense on the lower heated surface. The initial fouling layer is formed and the fly ash particles are stained [1] . On the other hand, alkali metals can react with other elements to form low melting point compounds or eutectic crystals. Yang Tao, [2] et al. found the Cl component in coal ash has been released to the gas phase at 815℃, while the S component begins to decompose at 815 ℃, releasing SO 2 and forming Na 2 SO 4 with Na in the coal alkali metal hot end release experimental study. The S component also plays an important role in the melting process ,the Na elements in the ash layer exists as Na 2 SO 4 , At the same time, there are a large number of CaSO 4 and formed a Na 2 SO 4 -CaSO 4 low melting point composite salt system [3] . Moreover, CaSO 4 decomposed at 1000℃, and formed low temperature eutectic [4] with iron, silicon and other minerals in the ash. CaO basically did not change before 1000℃, low temperature eutectic [5] is formed between Al 2 O 3 , Na 2 O, CaO and MgO, leading to ash deposition in the low temperature zone. Slagging in furnace and fouling on heating surface of zhundong coal severely restricted it as a power coal for large-scale development and utilization.
Oil shale is an important petroleum supplement, which belongs to solid fossil fuel. Shale semi coke is a solid waste which is extracted from shale oil by retorting process, it has low volatile content, high ash content and low calorific value, at present, it is mainly discarded as waste, occupying a large amount of cultivated land and causing serious pollution to the environment. Thus making full use of oil shale, the maximum utilization of oil shale resources is very important.
At present our country solves the problem of coking and contamination of high sodium coal by blending high melting point coal fuel. The domestic scholars in Zhundong coal burning has done a lot of experimental research, Zhang Limeng [6] found that mixing kaolin(Al 2 O 3 ·2SiO 2 ·2H 2 O) could alleviate Zhundong coal slagging problem in the Slagging characteristics test. Wang Penghui [7] , the results of test study on co-combustion of Zhundong coal with oil shale show that the mixing of oil shale can also reduce coal contamination, coking problem.
Basic Characteristics
Oil shale semi-coke uses retorting residue from Longkou oil shale at the final retorting temperature of 550 C. Industrial analysis and analysis of Zhundong coal and oil shale semi-coke was based on national standard "methods for industrial analysis of coal" (GB/T 212-2008) and the "methods for elemental analysis of coal" (GB/T 212-2001) were determined, and calorific value test will refer to the national standard "determination method of calorific value of coal"(GB/T 213-2003).The results of the experiment are shown in Table 1 . The data of the basic characteristics of the material indicate that the moisture content and the volatile content of Zhundong coal are higher, and the ash content is very little. The volatile content of oil shale semi-coke is less, the ash content is extremely high, about 25 times the Zhundong coal ash.
Analysis of Slagging and Contamination Characteristics Preparation of Coal Ash Sample
Coal ash samples were prepared from Zhundong coal, oil shale semi-coke and different proportion coal samples respectively. First, the sample was ground to 0.2mm or less and put the sample powder into the grinding machine (without steel ball) and mixed evenly according to different proportions. Each sample was heated to 815℃ by muffle furnace and then quenched at a constant temperature for 1 hour. Finally, the prepared sample was ground.
Different mixing ratio of ash samples of Zhundong coal and semi coke is denoted by R1 (9:1), R2 (8:2), R3 (7:3), R4 (6:4) and Zhundong coal denoted as ZD, semi cake denoted as SC.
Determination of Ash Composition
The ash samples were made into tablet by tabletting machine, and the ash components were determined by XRF. The results were shown in table 2. The composition of coal ash can be divided into two kinds of acid oxide and basic oxide according to chemical properties, among which acid oxides include SiO 2 , Al 2 O 3 and TiO 2 and alkaline oxides include K 2 O, Na 2 O, CaO, MgO, etc. The increase of acid oxide composition in ash will increase the melting point; conversely, when the alkali metal oxide content in ash increases, the ash melting point drops.
The ash fusibility of coal ash mainly depends on their chemical composition. The higher the content of high fusion temperature component in coal ash is, the higher the melting point of ash is; on the contrary, the fusion point of ash will decrease. The iron in coal ash will appear in different atmospheres in different valence states. In oxidizing medium, iron is trivalent (Fe 2 O 3 ), iron is two valence (FeO) in weak reductive medium, while in strong reducing medium, iron becomes metallic iron (Fe) at high temperature. FeO has the lowest melting point, FeO and SiO 2 of coal ash to produce lower fusion point of silicate. However, there is little difference between Fe 2 O 3 content and the data of theoretical weight calculation.
Ash Fusion Characteristics
The ash fusion temperature was determined by the "ash cone method" according to the determination method of fusibility of coal ash (GB/T 219-2008). The results are shown in table 3. The softening temperature ST in the weak reducing atmosphere is used as the judging index of coal slagging, and the standard is shown in table 4 . The table shows that the oil shale belongs to slight slagging, and coal ash fusion temperature is high, moderate slagging and tends to be slightly slagging. It is inconsistent with the actual slagging characteristics of coal. Because in the national standard ashing temperature level Na 2 O in Zhundong coal ash escape rate is very high that cannot reflect the real coal slagging characteristics, the ash fusion temperature will not be as the criterion of Zhundong coal slagging.
Slagging Characteristics Analysis
The calculation results of slagging index are shown in table 5. The slagging characteristics curves are shown in figures 1 and 2.
According to the slagging index of power coal, the slagging characteristics of Zhundongt coal, semi-coke and their mixed materials were analyzed by comparing the data of table 5 and characteristics curves of figure 1 and 2. The alkali acid ratio (B/A) and silicon ratio(G) judges the coal as serious slagging and semi-coke as slight slagging. When the proportion of semi coke is increased, the degree of coal slagging is changed from serious to moderate, and R1 is still serious slagging; The ratio of silicon and aluminum (SiO 2 /Al 2 O 3 ) judges the coal as minor slagging and semi-coke as moderate slagging closing to serious slagging, and all other proportions of the mixture except R1 to be medium slagging; The ratio of iron and calcium (Fe 2 O 3 /CaO) judges the coal and semi-coke as slight slagging. The determinations accuracy rate of B/A and G are 69% and 67% respectively, and the determinations results of SiO 2 /Al 2 O 3 and Fe 2 O 3 /CaO are not consistent with the actual situation. 
Contamination Characteristics Analysis
The calculation results of contamination index are shown in table 6. The contamination characteristics curves are shown in figures 3, 4, 5 and 6. According to the commonly used foreign contamination determination method [10] [11], the contamination characteristics of Zhundongt coal, semi-coke and their mixed materials were analyzed by comparing the data of table1, 4, 5 and characteristics curves of figure 3, 4, 5 and 6. In semi coke ash, CaO+MgO<Fe 2 O 3 , it belongs to bituminous coal ash type, and in Zhundong coal, CaO+MgO>Fe 2 O 3 , CaO+MgO>20%, it belongs to lignite coal ash type.With the increase of the mixing proportion of semi coke, the sum of calcium oxide and magnesium oxide decrease significantly compared to the coal. Except for R1, others tend to bituminous coal ash; According to the determination of sodium content, coal is serious contamination and R1, R2 are high contamination and R3, R4, semi-coke are medium contamination, that shows coal contamination has been improved by mixing semi-coke with the increase of the mixing proportion of semi coke; B/A· Na 2 O(contamination index) judges the coal, R1, R2 as serious contamination and semi-coke as low contamination and R3, R4 as high contamination, the results shows that R3 and R4 contamination was lower than that of R1 and R2; According to the German contamination index f, the results shows coal tends to III (forbidden zone of pulverized coal combustion mode area), semi-coke tends to I (normal operation area), R1, R2, R3, R4 tends to I, and the higher the proportion of the semi coke, the closer to the I; When considering the influence of S in the coal on the fouling of heating surface, according to the Kv index of the samples were determined, the determination result is coal, R1 and R2 contamination is serious, semi-coke, R3 and R4 stain lighter.
Conclusion
(1)When semi-coke mixing proportion reached more than 30%, oil shale semi-coke greatly improve the coal contamination problem.
(2)By calculating the index of slagging and contamination showed that blending oil shale semi-coke makes slagging, contamination index of Zhundong coal decrease for higher, moderate and slight degree by severity, and semi-coke mixing proportion reached more than 30%, oil shale semi-coke greatly improve the coal contamination problem.
